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Abstract In this paper, a successful approach for the
vibration analysis of quarter car suspension system using
random and step function road profiles, by developing a new
graphical user interface (GUI), has been introduced. The
main objective of the paper is to show the usefulness and
power of Malab GUI in modeling and analyzing dynamic
behavior of quarter car suspension system. The second
purpose of this paper is to carry out an analysis of using the
developed GUI to simulate this system. Illustrated problems
in the field of analysis of suspension responses for the
quarter car models are carried out. The results show that the
developed GUI is very useful for engineers, designers, and
analysts of car suspension systems.
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1. Introduction

Modeling and analysis of car suspension system are an
essential part of automotive engineering. Passive suspension
systems are widely used in passenger vehicles but cannot
effectively suppress vehicle vibrations under different road
conditions without the aid of a computer tool for the analysis
of such systems. The suspension systems with two or more
degrees of freedom require considerable analytical and
computational effort. In order to prepare engineers to
completely solve these systems numerically, the engineers
must master a suitable programming environment. A proper
analysis, design and control of mechanical systems can be
handled by the use of software like Matlab. MATLAB
(Matrix Laboratory) is a commercially available software
package originally developed in the seventies by Cleve
Moler, [1], for convenient numerical computations,
especially matrix manipulations. Now a day, it has grown to
a high-level technical computing language and interactive
developing environment, for algorithm development, data
visualization, data analysis, and numerical computation,
widely used in the academic world and in industry [2].

The combination of analysis capabilities, flexibilities,
reliability, and powerful graphics makes Matlab the most
suitable software package for engineers and scientists [3].
Matlab provides an interactive environment with a lot off
reliable and accurate built-in mathematical functions. These
functions provide solutions to a wide range of mathematical
and engineering problems such as matrix algebra, linear and
nonlinear systems, etc.

In this paper, the need for Matlab as a programming tool to
design and build a graphical user interface (GUI) for the
analysis of car suspension system can be done using
MATLAB/GUIDE environment [6].

2. Mathematical Model of Quarter Car
Suspension System

Car suspension systems are often modeled as ideal linear
system despite that real systems have nonlinear
characteristics. A two degree of freedom quarter car
suspension model, which is shown in Figure (1), is
considered for this study. The model consists of a quarter car
body and a wheel which are connected with a suspension
system. The suspension system is consisted of spring and
damper elements, and a wheel spring which is in contact with
the road profile.

Figure 1. A two degree of freedom quarter car suspension Model.
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The dynamical differential equations of this model can be
written as follows:

mg x5 + Cg (x5 —x3,) + Kg (xg —x,) =0
x)=0 (1)

Where, mg represent 1/4 car body mass, and m, is the
wheel mass. K and K, are the linear stiffness of the
suspension car body and the car tire respectively. Cs is the
linear damping constant. X, X, and x, are the vertical
displacements of the car body, wheel displacement, and road
profile displacement respectively.

my x5, — Cs (5 — x3) — Ky (x5 — %) + Ky (o —

3. Time Response Analysis Using Matlab

The time response analysis of quarter car suspension
system is carried out by using Matlab software through direct
solution of the model given in equation (1). The road
surfaces vary from one place to another, the road surface is
sometime bumpy and some time there are ramps in it. When
a car passes through these bumps and ramps the excitation
input is either "step response" or "random" which leads to
vertical vibration in car. The damping coefficient, the body
stiffness, and the wheel stiffness can be varied from initial
values to up to an optimum value to suggest the range for an
optimized response.

The analysis to the car suspension system described above
is obtained by developing a Matlab GUI. The GUI can be
used to design and study the sensitivity of the suspension
system to the variation of the parameters. The GUI plot the
position, velocity, and acceleration of the car and the wheel
after the car hits a random or step road profiles, as well as
animating the response of the suspension system.

4. Case Study and Results

An important problem is to find the value of the damping
coefficient Cg so that the car passengers have maximum of
comfort. Passengers are sensitive to sprung mass
acceleration and to frequency oscillations. In this paper, a
quarter car suspension system of a Peugeot 206 passenger
has been considered to the analysis using the developed GUI.
The information required for the analysis is obtained from
reference [7] as follows:

M;=1360/4 Kg
M, =25kg
K =24000 N/m
K, =192000 N/m
C, =850 N.m/s

The analysis start by running a matlab script file called
main a popup menu will be shown as in Figure (2).

'main =1 [T
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Figure 2. The main GUI menu.

The user can choose between the Random and
Step-function type of response analysis. For Random
analysis, by clicking on the Random push Button, the
window shown in Figure (3) will appear, in which the
required data for the analysis will be inserted.

By inserting the required data, as shown in Figure (4), and
hitting the Go button the analysis start with an animation
shows the movements of the suspension system due to the
random road profile for a time of five seconds, then the
results of the analysis are shown in Figures (5) and (6)
respectively. Figure (5) shows the displacement, velocity,
and acceleration response of the different points of
movements of the suspension system due to the random road
profile considered. It is clear from this figure that the sprung
mass which represent the mass of the car body and the
passengers has the lowest amplitude for both velocity and
acceleration response. While Figure (6) shows the deflection,
position, and velocity of the wheel mass and body mass of
the suspension system. It is clear from this figure that the
amplitude of the deflection of the car body is higher than the
deflection of the wheel, and this concluded the necessity for
further analysis by changing the damping coefficient, to
reduce the body deflection to an acceptable level which
maintaining the comfort for the passengers of the car.
Carrying such an analysis using the developed GUI with
different damping coefficient values can generate the results
shown in Figure (7). This figure shows clearly that by
increasing the value of the damping coefficient, the
amplitude of the body deflection and the settling time were
reduced.
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u untitled4l . .
(Random Road Profile
Input;
Ms= 1/4 car hody mass (Sprung mass)(Kg)
Mu= Suspension mass (unsprung mass)(Kg)
Ks= Suspension Stiffness (N/m)
Ku= Tire Stiffness (Nim)
Co Suspension damping (N.s/m)
Output
‘ Go
Figure 3. The main window for Random road profile analysis.
(Random Road Profile
Inputs
Ms= 340 1/4 car hody mass (Sprung mass)(Kg)
Mu= 25 Suspension mass (unsprung mass)(Kg)
Ks= 24000 Suspension Stiffness (I/m)
Ku= 192000 Tire Stiffness (N/m)
Cs= 850 Suspension damping (I¥.s/m)
Output

Go

Figure 4. The data required for the analysis of Random road profile.
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Figure 5. Displacement, Velocity, and Acceleration Response of different points of movements of the suspension system due to Random road profile.
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Figure 6. Deflection, Position, and Velocity of the Wheel and Sprung masses due to Random road profile.



Universal Journal of Mechanical Engineering 3(3): 83-93, 2015 87

~ 05 e
E @ P
: & | b L
E ﬂ -E\, QHA\HMW:F -----
= = UL A i A
D A
.E“ - A
05 X X X X X _&50 : X X X X
0o 1 2 3 4 5 o 1 2 3 4 5
Time(sec) Time(sec)
200
_E S0k A Ll LURE road
= O T VIR TI PR, 1 UNSprung mass
= Sprung mass
3
< 200

0o 1 2 3 4 5
Time(sec)

Figure 5. Displacement, Velocity, and Acceleration Response of different points of movements of the suspension system due to Random road profile.
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Figure 6. Deflection, Position, and Velocity of the Wheel and Sprung masses due to Random road profile.
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Figure 7. Body deflection of the suspension system at different values of damping coefficient for Random road profile.

Step-function Road Profile
i[nputs
Ms= 340 1/4 car body mass (Sprung mass){Kg)
M= 25 Suspension mass (unsprung mass)(Kg)
Ks= 24000 Suspension Stiffness (¥/m)
Eu= 192000 Tire Stiffness (I¥/m)
Cs= 850 Suspension damping (N.s/m)
7= o1 Road amplitude (m)
iOutput
‘ Go

Figure 8. The data required for the analysis of Step-function road profile.
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Figure 9. Displacement, Velocity, and Acceleration Response of different points of movements of the suspension system due to Step-function road profile.
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Figure 10. Deflection, Position, and Velocity of the Wheel and Sprung masses due to Step-function road profile.
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Figure 7. Body deflection of the suspension system at different values of damping coefficient for Random road profile.
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’—Step-function Road Profile
Input:
Ms= 340 1/4 car hody mass (Sprung mass)(Kg)
Mu= 25 Suspension mass (unsprung mass)(Kg)
Ks= 24000 Suspension Stiffness (N/m)
Ku= 192000 Tire Stiffness (N/m)
Cs= 350 Suspension damping (I¥.s/m)
= 0.1 Road amplitude (m)
Output
Go
Figure 8. The data required for the analysis of Step-function road profile.
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Figure 9. Displacement, Velocity, and Acceleration Response of different points of movements of the suspension system due to Step-function road profile.
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Figure 10. Deflection, Position, and Velocity of the Wheel and Sprung masses due to Step-function road profile.
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Body deflection of the suspension system at different values of damping coefficient for Step-function road profile.
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Carrying out the same analysis using step-function road
profile by clicking on the Step-function button in the main
menu, Figure (2), generates a window for this analysis,
similar to the window shown in Figure (3). By inserting the
required data as shown in Figure (8), and hitting the Go
button, the analysis will start and the results are shown in
Figures (9) and (10) respectively. These Figures shows
different behaviors for the suspension system comparing
with Figures (5) and (6) for random road profile. It is clear
from them that the behavior of parameters such as velocity,
acceleration, and deflection, which affects the comfort of the
passengers, was improved for this type of road profile which
is the most road profile used for the analysis and control of
car suspension systems. Carrying a similar analysis by
changing the damping coefficient values will produce the
results shown in Figure (11). It is clear from this figure that
changing the damping coefficient will change the behavior
of the body deflection and a similar conclusion to figure (7)
can be considered.

5. Conclusions

The main objective of this paper is to show how helpful
the developed Matlab GUI to automotive engineers and
designers has been achieved. The analysis of the quarter car
suspension model considered in this paper simulated using
displacement, velocity and acceleration response of car body

and wheel masses with different damping values are
obtained. The damping characteristic of the suspension
damper has to be optimized in accordance with other
parameters like sprung mass, unsprung mass, tire stiffness,
suspension stiffness and road input. Finally, the case study
presented in this paper shows the simplicity, efficiency,
reliability, of the developed GUI as an analysis tool for car
suspension design.
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